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PHASE IV TRIAL EVALUATING THE USE OF STEREOTACTIC
BODY RADIOTHERAPY FOR THE TREATMENT OF SPINE
METASTASES AND BENIGN SPINE TUMORS

SCHEMA
R Stereotactic Body Radiotherapy (SBRT)
E Patient Groups: Vertebral Metastasis - not previously irradiated
Vertebral Metastasis - previously irradiated cord
G Intramedullary Spinal Metastasis
I Suggested Dose-Fractionation: 14-25 Gy / 1 fraction
21-27 Gy / 3 fractions (7-9 Gy per fraction)
S 25-30 Gy / 5 fractions (5-6 Gy per fraction)
T Patient Group: Benign Extradural Spinal Tumor
E Suggested Dose-Fractionation: 12-16 Gy / 1 fraction
21-27 Gy / 3 fractions (7-9 Gy per fraction)
R 25-30 Gy / 5 fractions (5-6 Gy per fraction)

Chemotherapy
Chemotherapy may be given at the discretion of the patient’s medical oncologist. However, ideally

chemotherapy should not have been given within 30 days of starting radiation and should not resume until
at least 2 weeks after completing radiation. In addition, it is not recommended to perform SBRT when
targeted anti-angiogenesis therapy is planned within 2 months of the procedure.

Eligibility

Patient age > 18 years

Zubrod performance status of 0-3

Vertebral and/or paraspinal metastases, with or without prior surgery and/or fractionated radiotherapy
Benign extradural spine tumors, such as chordomas, meningiomas, schwannomas, neurofibromas,
paragangliomas, and arteriovenous malformations (AVMs).

Established histologic diagnosis of a benign or malignant tumor of the spine. For patients with
malignant spine tumors, the histologic diagnosis may come from biopsy of the primary tumor site or an
elsewhere metastatic site. If this represents the first appearance of metastatic disease, however, the
diagnosis of metastasis should be histologically confirmed, when possible

Arteriovenous malformation (AVM) of the spine identified radiographically (no biopsy required)
Well-defined lesion involving no more than 2 adjacent vertebral levels or spinal segments

No overt spinal instability

Neurologic deficit is unrelated to bony fragments/bony compression of neural structures

No previous radiation therapy at the involved level(s) within 3 months of radiosurgery

Minimal spinal canal compromise that is not rapidly progressive

No pregnant or lactating women (negative pregnancy test for women of child-bearing age)

Signed study-specific consent form
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1.0 Introduction

Spine metastases are a common pattern of spread for many different malignancies, especially prostate
cancer, breast cancer, lung cancer, renal cancer, melanoma, and colorectal cancer. Treatment of
symptomatic spine metastases typically consists of radiation therapy, sometimes following surgical
decompression of the spine. Radiation therapy has been used to improve tumor control, alleviate tumor-
related pain, prevent pathologic fractures, and improve neurologic symptoms such as weakness,
numbness, and paresthesias. The traditional radiation therapy course consists of daily treatment, Monday
through Friday, for a period of approximately 2-5 weeks. A prolonged course of radiation therapy can
affect quality of life, particularly if life expectancy is limited. In addition, patients with spinal metastases
often have other sites of disease, and a more rapid radiation course may allow more timely administration
of systemic chemotherapy to address these other disease sites. Recent technological advancements allow
high-dose precisely targeted radiation treatments to be delivered in only 1-5 sessions. A more rapid
radiation course may positively affect quality of life. This radiation procedure is called stereotactic body
radiotherapy (SBRT). Traditional radiation therapy usually includes at least 1-2 vertebral levels proximal
and distal to the affected spine. SBRT limits the amount of normal tissue irradiated, and this sparing of
bone marrow may facilitate continued delivery of intensive systemic chemotherapy with less delays for
management of myelosuppression. Radiosurgery may also result in better long-term local control than
standard radiation therapy thus obviating the ultimate need for extensive spine surgery for decompression
and fixation, and may provide potentially more rapid onset of clinical response such as pain improvement
or amelioration of neurologic deficits.

Treatment of recurrent spine metastases is often challenging. With the advent of more effective
chemotherapy and targeted therapy agents, many patients with metastatic cancer are surviving longer than
has traditionally been seen in the past. Although patients often have significant improvement in pain
and/or neurologic symptoms with traditional radiation therapy, as survival rates have improved patients
are at risk of developing recurrent symptomatic disease. Traditional radiation therapy cannot be repeated
at the same site in the spine, due to the increased risk of injury to normal tissue. Spinal surgery is often
difficult and can be associated with significant risk, or may not be an option due to prior surgery, other
medical conditions or limited life expectancy. Stereotactic body radiotherapy offers an alternative to
surgery for management of recurrent disease, which can be delivered in an outpatient setting with low risk
of side effects.

Treatment of primary spine tumors may consist of surgery, radiation therapy, or a combination of
surgery followed by radiation therapy. As with spine metastases, radiation therapy has been used to
achieve tumor control, alleviate tumor-related pain, and improve neurologic symptoms such as weakness,
numbness, and paresthesias. The traditional radiation therapy course consists of daily treatment, Monday
through Friday, for a period of approximately 3-6 weeks. This prolonged course of radiation can affect
quality of life. Stereotactic body radiotherapy (SBRT) allows the delivery of highly precise radiation in
only 1-5 treatments. Surgical management of patients with primary spine tumors can be associated with
significant risk of morbidity. Some patients are not surgical candidates due to other serious medical
conditions. The advantage of SBRT over surgery is that it is not painful, and does not require anesthesia
or hospitalization. In addition, some of these benign tumors, such as meningiomas and schwannomas,
also occur in the brain where radiosurgery has been proven to produce local control rates similar to
surgical resection.

Traditional fractionated radiation therapy for spine metastases has been studied extensively. A meta-
analysis of 16 randomized trials comparing various schedules of fractionated radiation therapy over 1-2
weeks to single fraction radiotherapy demonstrated unsatisfactory complete pain relief rates of less than
30%. Most studies analyzed used a single fraction of 8 Gy. There was no difference between single
fraction and multi-fraction radiotherapy in overall response rate or complete response rate; however, the
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re-treatment rate was 2.5 fold higher for single fraction radiation therapy (1). The dose that can be
delivered safely in a single fraction of radiation to the spine is limited by the tolerance of the spinal cord.
Standard radiation therapy commonly includes a relatively long length of spinal cord, and delivers the full
prescription dose to the cord.

Recent technological advances have made it possible to deliver high doses of radiation therapy with
high precision over just a few days, while preserving function of surrounding critical structures. This
treatment modality, termed stereotactic body radiotherapy (SBRT), is emerging as an expedient, safe, and
effective radiation modality for a variety of malignancies. SBRT was recently defined by the American
Society for Therapeutic Radiology and Oncology (ASTRO) as a “treatment method to deliver a high dose
of radiation to the target, utilizing either a single dose or a small number of fractions with a high degree of
precision within the body” (2). Stereotactic radiosurgery is a well-established treatment for intracranial
metastases with local control rates of 80-90%. Several institutions have investigated the use of SBRT for
the treatment of spine metastases and primary spine tumors, and have reported excellent local tumor
control, onset of pain relief and neurologic improvement at least as rapid as traditional radiation therapy,
with fairly low toxicity risk. Many phase I and II trials of SBRT have now been published demonstrating
its efficacy and safety. Although follow-up is variable, the local control rates for metastatic disease have
generally been in the range of 81-95%, at least partial pain relief of 67-100%, and rates of late
myelopathy of 0-4%. No grade 3-5 late toxicity has been reported with respect to other organs such as the
kidneys, lungs, bowel, and esophagus (3).

Gerszten and colleagues from the University of Pittsburgh published a series of 393 patients with 500
spine metastases treated with Cyberknife stereotactic radiosurgery to a maximum dose of 12.5-25 Gy
(mean 20 Gy, or 16 Gy to the 80% isodose line) in a single fraction. 344 tumor sites had received prior
fractionated radiation therapy (30 Gy in 10 fractions or 35 Gy in 14 fractions). With a median follow-up
of 21 months, 86% had significant long-term pain improvement and 88% had long-term tumor control.
The rate of neurologic deficit improvement was 84%. No tumor progression at immediately adjacent
spine levels was seen. There were no cases of treatment-related myelopathy (4).

Some tumor histologies, such as renal cell carcinomas and malignant melanoma, are known to be
relatively radioresistant, and thus standard RT may provide less than optimal clinical response. The
University of Pittsburgh experience treating spine metastases from renal cell cancer and malignant
melanoma was reported by Gerszten in 2005. Forty-eight patients with 60 renal cell metastases were
treated to 14-20 Gy (mean 16 Gy) prescribed to the 80% isodose line (maximum dose 17.5-25 Gy) in a
single fraction. Most patients had previously been treated with fractionated external-beam radiation
therapy. With a median follow-up of 37 months, 89% of patients had durable pain improvement and
there were no cases of radiation myelopathy or radiculopathy (5). Thirty-six melanoma spine metastases
in 28 patients were treated with single fraction SBRT using the same dose regimen. With a median
follow-up of 13 months, 96% of patients had long-term pain improvement and there were no cases of
neural toxicity (6).

Chang and colleagues published MD Anderson Cancer Center’s phase I/II experience using SBRT
for spine metastases. Seventy-four tumors in 63 patients were treated to 30 Gy in 5 fractions or 27 Gy in
3 fractions delivered every 2 days, with typically 80-90% of the target volume receiving at least the
prescription dose. Thirty-five patients had previously received in-field radiation therapy, with the cord
dose limited to <45 Gy. No chemotherapy was given within 30 days of radiosurgery. With a median
follow-up of 21.3 months, the 1-year local control rate based on MRI imaging was 84%, and narcotic use
decreased from 60% to 36% at six months. Twenty-three percent of patients progressed radiographically,
and the pattern of failure suggested that the pedicles and posterior elements using a wide bone margin
posterior to the involved vertebrae should be routinely included in the planning target volume. The spinal
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cord was limited to 10 Gy in 5 fractions or 9 Gy in 3 fractions. No patient developed grade 3 or 4
neurologic toxicity (7).

Yamada and colleagues from Memorial Sloan-Kettering Cancer Center treated 103 spinal metastases
in 93 patients with SBRT to a median dose of 24 Gy (range 18-24 Gy), with the median percentage of the
PTV receiving at least 95% of the dose being 95% (82-100%). No patient had received prior RT to the
region of interest. The maximum spinal cord dose was limited to 14 Gy and the cauda equina dose was
limited to 16 Gy. With a median follow-up of 15 months, 90% of patients experienced durable pain
control and local control. The median time to local failure was 9 months. Local control was dose-related:
95% for 24 Gy compared to 80% for < 24 Gy (mean 20.8 Gy). Treatment failure was defined as disease
progression on MRI. Acute toxicity was generally mild (grade 1-2), and there were not cases of late
myelopathy or radiculopathy (8).

The Stanford University experience was reported by Gibbs and colleagues. Seventy-four patients
with 102 spinal metastases were treated with Cyberknife. The majority (50 patients) had prior radiation
therapy within or adjacent to the treatment site. Patients were treated to 16-25 Gy in 1-5 fractions, with
fractionated treatment used when single-fraction SBRT would give a cord Dmax > 10 Gy. With a mean
follow-up of 9 months, 84% had improvement or resolution of their symptoms and 3 patients (4%)
developed clinical or radiographic signs of spinal cord injury at 6-10 months after treatment. There were
no clear spinal cord total dose or average dose that predicted these complications. Two of three patients
had received anti-angiogenic or epidermal growth factor inhibitor-targeted therapy within 2 months of
developing clinical myelopathy. No complications occurred when the volume of cord receiving a
biological equivalent dose of 12 Gy in a single fraction (BED; of 58 Gy) was less than 0.15 cm®. Acute
toxicity was uncommon and limited to nausea. They recommended using SBRT treatment schedules that
limited the spinal cord biologic equivalent dose to 10 Gy to < 0.3 cc and 12 Gy to <0.15 cc in 1 fraction

9).

The Stanford University experience in treating benign tumors of the spine has been reported. Fifty-
one patients with 55 benign extra-axial, intradural spinal tumors were treated with Cyberknife stereotactic
radiosurgery, including 30 schwannomas, 9 neurofibromas, and 16 meningiomas. Only 4 patients were
previously irradiated. Eligibility criteria were contraindications for surgery due to medical co-
morbidities, underlying Neurofibromatosis I (7 patients) or II (10 patients) resulting in multiple lesions
developing over time, or patient preference, with well-circumscribed lesions, no evidence of spinal
instability and minimal compression of the spinal cord. The most common presenting symptom was
pain, followed by radiculopathy and myelopathy. Patients were treated to 16-30 Gy in 1-5 fractions
typically to the 80% IDL (most received 1-2 fractions). The median follow-up time was 23 months. Of
the 28 patients with greater than 24 months follow-up, all have stabilized (61%) or decreased (39%) in
size. Radiosurgery was not very effective at reversing mass effect. Three tumors enlarged by < 10% at 6-
12 months, two were transient and one underwent surgery for worsening pre-existing meylopathy.
Schwannoma patients experienced 96% local control, with 56% stable and 40% decreased in size on
imaging. The majority experienced stabilized clinical symptoms, 50% had significant pain improvement,
and 40% had decreased weakness or improved sensation; 18% experienced clinical worsening.
Meningioma patients experienced 100% local control, with 67% stable and 33% decreased in size on
imaging. Approximately 70% significant improvement in pain and 50% had improved strength, but
without improvement in sensory loss. Thirty percent experienced minor worsening pain, numbness, or
weakness. Only 50% of neurofibroma patients were symptomatically stable, and none had improved
clinical symptoms. However, 6 of 7 patients who underwent follow-up imaging had stable disease.
Interesting, the surgical literature also reports poor symptomatic control. One patient with a meningioma
(2%) experienced presumed radiation myelopathy 8 months after SBRT to a dose of 24 Gy in 3 fractions
(maximum dose 3435 cGy); the volume of cord irradiated to 18 Gy was 1.7 cm® (9,10).
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Intramedullary spinal cord AVMs have also been treated with SBRT. A report from Stanford
University on 15 patients treated to a mean prescription dose of 20 Gy in 2-5 fractions. With mean
follow-up of 28 months, only 1 of 8 patients with follow-up angiography at 3 years showed complete
obliteration; however, there were no further hemorrhages or neurologic deterioration. The authors
recommended not treating intramedullary lesions greater than 1.5 cm® in volume, to minimize the chance
of neural toxicity (9).

Sohn (from Korea) reported results at the International Stereotactic Radiosurgery Society Meeting in
July 2007 on the use of SBRT for 33 patients with schwannoma or meningioma of the spine treated with
the Novalis system. Patients received a single fraction of 13 Gy (schwannoma) or 15 Gy (meningioma)
prescribed to the 80% isodose line. For patients with spinal cord compression, fractionated stereotactic
radiosurgery was utilized (24 Gy in 3 fractions). With a mean follow-up of two years, there were no late
toxicities.

Also at the International Stereotactic Radiosurgery Society Meeting in July 2007, Sahgal (UCSF)
reported the results of 16 patients with benign spinal tumors treated with Cyberknife radiosurgery. Doses
ranged from 12 Gy in 1 fraction to 5 Gy in 5 fractions. With a median follow-up of 25 months, there
were no late toxicities. Three patients with Neurofibromatosis I progressed. The one year freedom from
progression rate was 89%.

St. John’s Mercy has installed an Elekta Synergy-S® linear accelerator at the David C. Pratt Cancer
Center that is specifically designed to deliver highly-precise SBRT treatments. It has a tightened
isocenter accuracy calibrated to a precision of within 1.5 mm diameter, a micro-MLC for treatment of
small radiation ports, a specially designed Hexapod® table top that can correct for patient misalignment in
both translational and rotational directions, an onboard cone-beam kV CT for precise tumor localization
immediately prior to treatment, four-dimensional CT (4D-CT) and 3D Line® which together allow for
accurate monitoring of and compensation for tumor motion during respiration, active breathing control for
respiratory gating, and real-time continuous fluoroscopic capability for visual confirmation that the target
remains in the treatment field.

2.0 _Objectives

This study will evaluate the local control rate as well as acute and late toxicity rates of stereotactic
body radiotherapy (SBRT) for the treatment of spine metastases and benign spine tumors.

2.1 Hypothesis
2.1.1 For selected patients with spine metastases or benign spine tumors, stereotactic body
radiotherapy (SBRT) is technically feasible with acceptable complication rates.
2.1.2 Local tumor control rate with stereotactic body radiotherapy (SBRT) will be at least as
good as standard fractionation radiation therapy.

2.2 Study Design
2.2.1 Single site, non-randomized, prospective, phase IV trial
2.2.2 Composed of 2 patient groups:
Spine Metastases
Benign Spine Tumors
2.2.3 Data collected will include patient demographics, pathology data, tumor stage,
SBRT dose fractionation scheme, dose received by adjacent critical normal tissues,
tumor recurrence data, and acute and late toxicities.
2.2.4 Follow up data will be collected during the patient’s standard office visits. The
anticipated duration of this study is 5 years.
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2.3 End Points

2.3.1

2.3.2

Primary endpoints will be symptom control and local tumor recurrence rate.

- Evaluation of pain relief will be assessed using a 10-point visual analog scale

- Analgesic use will be documented to ensure that pain improvement is not due to an
increase in the amount of analgesic usage.

- Evaluation of neurologic improvement will be assessed by physical exam using the
ASIA Impairment Scale

- Local recurrence is defined as tumor recurrence or progression within the planning
target volume.

- Local control rate will be evaluated by imaging techniques and/or clinical symptoms
(worsening or no improvement in pain or neurologic compromise). If follow-up
imaging is available, a local recurrence will be defined as an increase of > 20% in
tumor size.

Secondary endpoint will be late toxicity rate.

- Grading of acute and late complications is defined in Section 12.3 (Appendix III)

3.0 Patient Selection

3.1 Eligibility Criteria

3.1.1
3.1.2
3.13
3.1.4

3.1.5

3.1.7
3.1.8

3.1.9
3.1.10

3.1.11
3.1.12

3.1.13

3.1.14

3.1.15

Patient age of at least 18 years

Zubrod performance status of 0-3

Vertebral and/or paraspinal metastases, with or without prior surgery and/or
fractionated radiotherapy

Benign extradural spine tumors such as chordomas, meningiomas, schwannomas,
neurofibromas, paragangliomas, and arteriovenous malformations (AVMs).
Established histologic diagnosis of a benign or malignant tumor of the spine. For
patients with malignant spine tumors, the histologic diagnosis may come from biopsy
of the primary tumor site or an elsewhere metastatic site. If this represents the first
appearance of metastatic disease, however, the diagnosis of metastasis should be
histologically confirmed, when possible.

Arteriovenous malformation of the spine identified radiographically (no biopsy)
Well-defined lesion involving no more than 2 adjacent vertebral levels or spinal
segment

No overt spinal instability

Neurologic deficit is unrelated to bony fragments/bony compression of neural
structures

No previous radiation therapy at the involved level(s) within 3 months of radiosurgery
Minimal spinal canal compromise that is not rapidly progressive. Ideally, the tumor
should not be within 5 mm of the spinal cord.

No pregnant or lactating women (negative serum pregnancy test for pre-menopausal
women performed within 72 hours of registration)

If chemotherapy is planned, ideally it should not have been given within 30 days of
starting radiation and should not resume until at least 2 weeks after completing
radiation. In addition, it is not recommended to perform SBRT when targeted anti-
angiogenesis therapy is planned within 2 months of the procedure.

Signed study-specific consent form

3.2 Exclusion Criteria

3.2.1
3.2.2
3.2.3

Amendment 1: February 26, 2009

Lesion involving > 3 adjacent vertebral levels
Overt spinal instability
Neurologic deficit due to bony fragments/bony compression of neural structures



3.2.4  Prior radiotherapy at the involved level(s) within 3 months of radiosurgery, more than
one prior course of radiotherapy at the involved level(s), or more than 45 Gy previous
radiation exposure at the involved level(s)

3.2.5 Rapidly progressive spinal cord compromise or neurological deficit

3.2.6  Paralysis, or otherwise compromised motor function due to radiographically
confirmed cord compression

3.2.7  Patient unable to undergo an MRI

3.2.8  Pregnant or lactating women, due to potential exposure of the fetus to RT and
unknown effects of RT on lactating females

3.2.9  Patients with psychiatric or addictive disorder that would preclude obtaining informed
consent

4.0 Pretreatment Evaluation

4.1 Patient history, including prior radiation and chemotherapy treatments

4.2 Physical examination

4.3 Assessment of neurological function using the ASIA Impairment Score (Appendix V)

4.4 Assessment of pain using a 10-point visual analogue scale (Appendix V)

4.5 Evaulation by an experience neurosurgeon that must include (1) an assessment of spinal
stability, (2) an assessment of both medical and surgical operability

4.6 MRI of the affected spine

4.7 Tissue biopsy confirming a diagnosis of malignancy (may be at the primary site, another
metastatic site, or the spinal metastatic site dependent on the clinical situation) in the case of
metastatic tumors. Primary tumors should also be biopsy confirmed, except in the case of
vascular malformations.

4.8 CBC, platelets, bilirubin, AST, ALT, alkaline phosphatase, renal panel within 1 month of
planned radiosurgery, if clinically indicated

5.0 Simulation

5.1 Custom Mask and Bite Block Device, such as the HeadFix or Esarte frame, (for C-spine) or
Body Fix (for TLS-spine) immobilization device

5.2 CT simulation without IV contrast with 1-2 mm slice thickness, including the treatment
volume and at least 3 vertebral bodies above and below the target area. When necessary, the
planning CT scan will be performed with intravenous contrast and/or oral contrast to aid in
target and normal tissue definition.

5.3 3-point leveling tattoos

5.4 Contrast enhanced MRI with 1-3 mm slice thickness through the involved spine levels
performed without the immobilization device, to allow for CT-MRI fusion for target volume
and normal tissue delineation

6.0 Radiation Treatment Planning

6.1 Target Definition

6.1.1 Gross tumor volume (GTV) is contoured on the planning CT scan. MRI images
will be registered to the planning CT dataset to assist in constructing the GTV.

6.1.2  Clinical target volume (CTV) will be equal to the GTV

6.1.3 Planning target volume (PTV) for vertebral metastases will be defined as the CTV
plus a 2-5 mm margin, at the discretion of the treating radiation oncologist. It is
recommended that consideration be given to including the entire involved vertebral
body plus the pedicles and posterior elements of the involved vertebral bodies.
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6.1.4

The PTV for benign tumors will be defined as the CTV plus a 2-5 mm margin, at the
discretion of the treating radiation oncologist. The PTV may be modified to exclude
the spinal cord and cauda equina volumes.

6.2 Normal Tissue Definition

6.2.1

6.2.2

6.2.3

6.2.4

6.2.5

6.2.6
6.2.7
6.2.8
6.2.9
6.2.10
6.2.11

6.2.12

Required normal tissue contours will vary according to the level of spinal irradiation
and corresponding organs at risk. The spinal cord (including the cauda equina when
appropriate) will be contoured for all cases. The esophagus, stomach, bowel, kidneys,
liver, larynx, lungs, and heart will be contoured when appropriate.

Spinal cord — Contours should extend from the superior slice of the planning CT scan
or the foramen magnum (whichever is most caudad) to the inferior slice of the
planning CT scan or the terminal end of the spinal cord (whichever is most cephalad).
The volume may be expanded by 1-2 mm for setup uncertainty.

Cauda Equina — Contours should extend from the superior slice of the planning CT
scan or the terminal end of the spinal cord (whichever is most caudad) to the inferior
slice of the planning CT scan or the terminal end of the cauda equina (which is most
cephalad), and includes the entire thecal sac. The volume may be expanded by

1-2 mm for setup uncertainty.

Esophagus — Contours should include the entire esophagus, from 2 cm above the
manubrium to the level of the gastroesophageal (GE) junction. When possible, oral
contrast should be utilized to aid in volume definition.

Stomach — Contours should include the entire stomach, with the proximal limit at the
GE junction. When possible, oral contrast should be utilized to aid in volume
definition.

Bowel — Contours should include both small and large bowel. When possible, oral
contrast should be utilized to aid in volume definition.

Kidneys — Contours should include the entire left and right kidneys, including the
renal parenchama and adjacent proximal collecting system.

Liver — Contours should include the entire liver, from the hepatic dome to its inferior
border.

Larynx — Contours should include the entire larynx, from the hyoid bone through the
cricoid cartilage

Lungs — Contours should include the entire left lung, right lung, and both lungs.
Heart — Contours should include the entire heart along with the pericardial sac, from
the upper limit of the right atrium and right ventricle (excluding the pulmonary trunk,
ascending aorta, and SVC) to the inferior extent of the myocardium.

Skin — Contour should include a 5 mm thick volume beneath the skin surface.

6.3 Dose-Specification

6.3.1

6.3.2

Amendment 1: February 26, 2009

Radiation beams will conform to the PTV outline without additional margin and the
dose will be prescribed to the isodose line (IDL) that covers at least 95% of the PTV,
which is typically around 80%.

SBRT dose-fractionation scheme will be chosen at the discretion of the treating
radiation oncologist, but the normal tissue dose constraints must be maintained.
Suggested dose-fractionation schemes, derived from the available literature, are listed
below. Also included are the corresponding biologic equivalent dose (BED) for each
based on the linear-quadratic model:



Equivalent Equivalent
BED' BED? 2 Gy/Fx 2 Gy/Fx
SBRT scheme (@p=10) | (a/p=3) Dose’ Dosé’
(a/fp=10) (a/fp=3)
25Gyx 1 87.5 Gy 233.3 Gy 72.9 Gy 140 Gy
24 Gy x 1 81.6 Gy 216 Gy 68 Gy 129.6 Gy
23Gyx 1 75.9 Gy 199.3 Gy 63.25 Gy 119.6 Gy
22Gyx 1 70.4 Gy 183.3 Gy 58.7 Gy 110 Gy
21Gyx 1 65.1 Gy 168 Gy 54.25 Gy 100.8 Gy
20Gyx 1 60 Gy 153.3 Gy 50 Gy 92 Gy
19Gyx 1 55.1 Gy 139.3 Gy 45.9 Gy 83.6 Gy
J:t‘::gsaels 18 Gy x 1 504Gy | 126Gy 42 Gy 75.6 Gy
17Gyx 1 45.9 Gy 113.3 Gy 38.25 Gy 68 Gy
16 Gy x 1 41.6 Gy 101.3 Gy 34.7 Gy 60.8 Gy
15Gyx 1 37.5 Gy 90 Gy 31.25 Gy 54 Gy
14 Gyx 1 33.6 Gy 79.3 Gy 28 Gy 47.6 Gy
9Gyx3 51.3 Gy 108 Gy 42.75 Gy 64.8 Gy
8Gyx3 43.2 Gy 88 Gy 36 Gy 52.8 Gy
7Gyx3 35.7 Gy 70 Gy 29.75 Gy 42 Gy
6Gyx5 48 Gy 90 Gy 40 Gy 54 Gy
5Gyx5 37.5 Gy 66.7 Gy 31.25 Gy 40 Gy
Intrameduallary
Spinal 5Gyx5 37.5 Gy 66.7 Gy 31.25 Gy 40 Gy
Metastases
16 Gy x 1 41.6 Gy 101.3 Gy 34.7 Gy 60.8 Gy
15Gyx1 37.5 Gy 90 Gy 31.25 Gy 54 Gy
14Gyx1 33.6 Gy 79.3 Gy 28 Gy 47.6 Gy
Benign 13Gyx1 29.9 Gy 69.3 Gy 24.9 Gy 41.6 Gy
Extradural Spine 12Gyx1 24.6 Gy 60 Gy 22 Gy 36 Gy
Tumors 9Gyx3 51.3 Gy 108 Gy 42.75 Gy 64.8 Gy
8Gyx3 43.2 Gy 88 Gy 36 Gy 52.8 Gy
7Gyx3 35.7 Gy 70 Gy 29.75 Gy 42 Gy
6 Gyx5 48 Gy 90 Gy 40 Gy 54 Gy
5Gyx5 37.5 Gy 66.7 Gy 31.25 Gy 40 Gy

'Cancers are assumed to have an o/p ratio of approximately 10
’Normal tissues are assumed to have an o/ ratio of approximately 3

6.4 Normal Tissue Dose Constraints
6.4.1

function, include the gastrointestinal tract and spinal cord
6.4.1.1 Esophagus, Stomach

Tissues arranged in series, where the function of each subunit is vital for organ

- Maximum point dose, Dmax < 15 Gy in 1 fraction (< 1 cc to > 10 Gy)
- Maximum point dose, Dmax < 24 Gy in 3 fractions (8 Gy per fraction)
- Maximum point dose, Dmax < 30 Gy in 5 fractions (6 Gy per fraction)
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6.4.1.2 Bowel

- Maximum point dose, Dmax < 15 Gy in 1 fraction

- Maximum point dose, Dmax < 24 Gy in 3 fractions (8 Gy per fraction)

- Maximum point dose, Dmax < 30 Gy in 5 fractions (6 Gy per fraction)
6.4.1.3 Spinal Cord

-<0.5 ccto 8 Gy in 1 fraction

-<0.3 ccto 10 Gy in 1 fraction

-<0.15cc to 12 Gy in 1 fraction

- Maximum point dose, Dmax < 18 Gy in 3 fractions (6 Gy per fraction)

- Maximum point dose, Dmax < 22.5 Gy in 5 fractions (4.5 Gy per fraction)
6.4.1.4 Cauda Equina

- Maximum point dose, Dmax < 13 Gy in 1 fraction

- Maximum point dose, Dmax < 21 Gy in 5 fractions (7 Gy per fraction)

- Maximum point dose, Dmax < 25 Gy in 5 fractions (5 Gy per fraction)

6.4.2  Tissues arranged in parallel includes the liver parenchyma, kidneys, skin, and lungs

6.4.2.1 Liver critical volume model

- Maximum point dose, Dmax < 15 Gy in 1 fraction

- At least 700 cc of normal liver volume must receive < 15 Gy in

3 fractions (9.5 Gy in 1 fraction; 18 Gy in 5 fractions), which has a
BEDgy (0/p=3) of 40 Gy (equivalent to 24 Gy in 2 Gy fractions)

- At least 35% of normal liver must receive < 15 Gy in 3 fractions
6.4.2.2 Kidneys

- mean dose < 3 Gy

-Vi0<10%
6.4.2.3 Skin

- Maximum point dose, Dmax < 15 Gy in 1 fraction

- Maximum point dose, Dmax < 24 Gy in 3 fractions (8 Gy per fraction)

- Maximum point dose, Dmax < 30 Gy in 5 fractions (6 Gy per fraction)
6.4.2.4 Lungs

- <10% of total lung volume receiving > 20 Gy (V20)

- <40% of total lung volume receiving > 5 Gy (Vs)

7.0 _Stereotactic Body Radiotherapy Treatment Delivery

7.1 Premedication

The decision to premedicate a patient prior to spine SBRT is at the discretion of the

radiation oncologist and/or neurosurgeon. While there is no universal agreement, the

following are a list of agents that have been suggested by some investigators to potentially

reduce patient discomfort, and possibly prevent acute and/or late toxicity if used as

premedication prior to spine SBRT.

7.1.1 Corticosteroids (Decadron 4-10 mg PO or equivalent) 15-60 minutes prior to each
fraction for the intended purpose of modulating immediate inflammatory effects.

7.1.2  Analgesic premedication to avoid general discomfort during long treatment durations.

7.1.3  Prophylactic antiemetics (Zofran 4-8 mg PO or Kytril 2 mg PO) 45-60 minutes prior
to each fraction to possibly prevent acute nausea

7.1.4  Anti-anxiety medication for patient comfort during long treatment duration

7.2 Treatment
7.2.1 The medical physics staff will perform routine quality assurance checks on the
treatment machine to ensure that the mechanical isocenter stability is within
specification (ie. diameter < 1.5 mm).
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7.2.2  The medical physics staff will perform patient-specific quality assurance
measurements to ensure that the treatment plan is deliverable and that the dose
distribution is accurate.

7.2.3  The patient will be positioned in the custom immobilization device on the Hexapod®
treatment couch and aligned to 3-point setup points with the in-room lasers.

7.2.4 Daily CT localization of the GTV isocenter is required prior to each fraction. Once
the patient is properly positioned, a cone-beam CT of the treatment area is acquired,
fused, and aligned to the treatment planning CT. Translational and rotational
adjustments of patient positioning are performed as indicated. If adjustments are
required, an orthogonal (ex. AP and LATERAL) set of electron portal images or a
second cone-beam CT of the treatment area will be obtained prior to treatment
to confirm proper alignment of the isocenter. A third cone-beam CT may be
obtained following treatment delivery to assess for intra-fraction motion.

Depending on the overall treatment time, an additional cone-beam CT scan may be
obtained during treatment at the discretion of the treating radiation oncologist to
ensure accuracy of the isocenter alignment and target localization.

7.2.5 Either multiple coplanar or noncoplanar static gantry angle intensity-modulated fields
or rotational arcs will be utilized.

7.2.6  Only photon (x-ray) beams will be used, preferably in energies of 6-18 MV.

8.0 Drug Therapy

8.1 The use of chemotherapy is left to the discretion of the medical oncologist.

8.2 Chemotherapy agents during radiation is not allowed. Ideally, chemotherapy should not have
been given within 30 days of starting radiation and should not resume until at least 2 weeks
after completing radiation. In addition, it is not recommended to perfor